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Abstract
Numerical investigation of underexpanded sonic coaxial jets was carried out using large-eddy simulation. The system consists of
two coaxial nozzles, in which one is inner round nozzle and another is outer annular nozzle. Since the pressure ratio of inner to outer
nozzle dominates the ﬂow structures and behaviors, two typical pressure ratios 5/3 (case A) and 3/5 (case B) are considered. The
calculated results have been validated carefully against experimental data. Based on the analysis of the ﬂow structures, diﬀerent
shock systems and vortex shedding processes for the two cases are identiﬁed and some main ﬂow characteristics of sonic coaxial
jets are found. The power spectral analysis of pressure evolution is performed to demonstrate the frequency characters in the ﬂow
ﬁeld. The mixing behaviors determined by diﬀerent approaches are also discussed. The results obtained in this study provide
physical insight into the understanding of the mechanisms relevant to the underexpanded sonic coaxial jets interaction.
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1. Introduction
The coaxial jet is typical for fuel/air mixing in various combustion furnaces. Owing to the obvious importance in
a wide range of fundamental applications, numerous studies have been done to detail the ﬂow characteristics. As the
combustion conditions are mostly subsonic, a lot of researchers mainly focus on the subsonic jet mixing processes
[1–5]. However, the sonic coaxial jet with complicated shock structures in the ﬂow ﬁeld have not been studied. For the
sonic or supersonic condition, the existence of shock structures will aﬀect the vortices evolution and jet ﬂuid mixing.
The ﬂow ﬁeld demonstrates diﬀerent features compared with subsonic jet. The near ﬁeld structures in sonic conditions
were experimentally studied [6,7]. To our knowledge, however, numerical study on this subject has not been carried
out. Therefore, it is needed to investigate the sonic coaxial jets evolution process.
Lee and Setoguchi [7] carried out experiments to study underexpanded sonic jets with and without swirling and
investigated the near-ﬁeld ﬂow structures and shock structures with diﬀerent pressure ratios. Some experimental pres-
sure ﬁeld was also obtained [8]. The work relevant to the underexpanded sonic coaxial jets is only those experiments.
The lack of detail description of ﬂow ﬁeld evolution and deep investigation on the mixing features motivates us to
carry out the present numerical simulation.
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